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Accomplishments/New  Findings: 

Computer  code  is  being  developed  for  multidimensional  signals. 

Personnel  Supported: 

Principal  Investigator:  Shaul  Mukamel 

Frantisek  Sanda 
Upendra  Harbola 
Ravi  Venkatramani 
Dmitri  Varonine 

Technical  Summary: 

Dephasing-induced  Vibronic  Resonances  in  Difference  Frequency  Generation  Spectroscopy 
The  difference  frequency  generation  (DFG)  signal  from  a  two  electronic  level  system  with 
vibrational  modes  coupled  to  a  Brownian  oscillator  bath  was  computed.  Interference  effects 
between  two  Liouville  space  pathways  result  in  pure-dephasing-induced,  excited-state  resonances 
provided  the  two  excitation  pulses  overlap  and  time  ordering  is  not  enforced.  Numerical 
simulations  of  two-dimensional  DFG  signals  illustrate  how  the  ground  and  excited  electronic 
state  resonances  may  be  distinguished. 

Stochastic  Liouville  Equations  for  Hydrogen-Bonding  Fluctuations  and  their  Signatures  in  Two 
Dimensional  Vibrational  Spectroscopy  of  Water 

The  effects  of  hydrogen-bond  forming  and  breaking  kinetics  on  the  linear  and  coherent  third- 
order  infrared  spectra  of  the  OH  stretch  of  HOD  in  D20  were  described  by  Markovian,  not 
necessarily  Gaussian,  fluctuations  and  simulated  using  the  stochastic  Liouville  equations.  Slow 
(0.5  ps)  fluctuations  are  represented  by  a  collective  electrostatic  coordinate,  whereas  fast  (100  fs) 
frequency  fluctuations  are  described  using  either  a  second  collective  electrostatic  coordinate  or  a 
four-state  jump  (FSJ)  model  for  hydrogen-bonding  configurations.  Parameters  for  both  models 
were  obtained  using  a  1-ns  molecular-dynamics  trajectory  calculated  using  the  TIP4P  force  field 
combined  with  an  electrostatic  ab  initio  map.  The  asymmetry  of  the  photon-echo  spectra  (larger 
linewidth  on  the  blue  side  than  on  the  red  side)  predicted  by  the  FSJ  is  in  better  agreement  with 
recent  experiments. 

Multipoint  Correlation  Function  for  Continuous  Time  Random  Walk  Models  of  Anomalous 
Diffusion 

Recursive  relations  were  developed  for  computing  the  multipoint  correlation  functions  of  a 
particle  undergoing  a  biased  continuous-time  random  walk  (CTRW)  in  an  external  potential. 

Two-  and  three-point  correlation  functions  were  calculated  for  waiting-time  distributions  with  an 
anomalous  power-law  profile  f“-1,  0<a<l,  on  intermediate  time  scales  with  a  crossover  to  an 
exponential  long  time  decay.  Comparison  of  the  CTRW  with  the  Brownian  harmonic  oscillator 
model  (Gaussian  process)  illustrates  how  higher-order  correlation  functions  may  be  used  to 
distinguish  between  dynamical  models  that  have  the  same  two-point  correlation  function. 

Non-equilibrium  Superoperator  Greens  Function  Approach  to  Inelastic  Resonances  in  STM 
Currents 

Closed  expressions  for  tunneling  currents  in  molecular  junctions  were  derived  to  fourth-order  in 
electron-phonon  coupling.  The  Keldysh-Schwinger  formalism  is  recast  in  terms  of  density 
matrices  in  Liouville  space,  and  the  calculation  only  involves  forward  propagation  in  real  time 
and  is  represented  by  the  double  sided  Feynman  diagrams  commonly  used  for  computing  optical 
response  functions.  The  current  is  related  to  the  decay  of  coherences  in  Fock  space  between 
many-body  molecular  states  with  N  and  Nil  electrons.  Application  is  made  to  the  fundamental 
and  overtone  vibrational  resonances  of  methane. 
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Liouville  Space  Pathways  for  Spectral  Diffusion  in  Photon  Statistics  from  Single  Molecules 
The  factorial  moments  of  photon  counting  statistics  from  a  single  molecule  coupled  to  a  quantum 
bath  were  expressed  in  terms  of  multipoint  quantum  correlation  functions  and  represented  by 
double-sided  Feynman  diagrams,  in  close  formal  analogy  with  nonlinear  spectroscopy.  At  infinite 
temperature  we  recover  the  results  of  stochastic  models  of  spectral  diffusion  where  the  bath 
dynamics  is  independent  on  the  state  of  the  system  and  the  moments  are  described  by  lower-order 
correlation  functions. 
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Challenges”,  Theory  and  Applications  of  Computational  Chemistry  (TACC)  Meeting,  Gyeongju, 
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Workshop  on  Ultrafast  x  ray  Science,  San  Diego,  CA  April  28-  May  1,  2004. 
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Cambridge,  MA,  October  10-11,  2004. 
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2005. 

“Multidimensional  Coherent  Vibrational  Spectroscopy;  Femtosecond  Snapshots  of  Molecular 
Dynamics”,  French-Israeli  Symposium  on  Non-linear  &  Quantum  Optics,  Ein  Bokek,  Israel, 
February  20-25,  2005. 

“Multidimensional  Coherent  Vibrational  Spectrocopies  of  Peptides;  Femtosecond  Snapshots  of 
Structure  and  Dynamics”,  Chemical  Physics  Colloquium,  University  of  Colorado,  Boulder,  CO, 
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“Multipoint  Correlation  Functions  and  Liouville  Space  Pathways  in  Single  Molecule 
Spectroscopy”,  Workshop  on  Single  Molecule  Research  in  the  New  Millennium,  Department  of 
Energy,  Rockville,  MD,  April  10-12,  2005. 

“Multidimensional  Coherent  Vibrational  Spectroscopy;  Femtosecond  Snapshots  of  Molecular 
Dynamics  ”,  Twelfth  International  Conference  on  Time-Resolved  Vibrational  Spectroscopy, 
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